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each side of the low center, and tangent t.0 the outer closed 
isobar. 

Assuming that there be moving eastward a t  a uniform 
rate of progression on a iven map, in the same latitude, 

pose these to he in tandem formation, of equal area and 
uniform pressure adientsl, and that neither undergoes 

nor in the linear dist.ance from the center to centcr in a 
given interval of time. Then at- the end of the iven time 

a straight line extending from the position of t,he center 07 
the low at the end of the assumed interval to the position 
of the center of the recedin high a t  the be inning of the 

chart fiovre 5, which represents an ideJ  weather map 
on whi& only one low and one high appear. On this 
chart (XLIV-38) A is the position of the center of the 
low at the beginning and A, the osition of the center of 

the ositioii of tlie center of the hi h at the be 'nning and 

interval of time. The distance 9 B  is the s m e  as that 
between A, and B,. The changes in ressuro are mads at, 

A, or B,, mcl red lines are drawn for each 0.10-inch fall. 
It will be found that the masiniuni chwige is dong ti line 
connecting A, and B. Now, if in tlie esain le given 

that precedes i t  does not chan c, the pressure rise or fall 

region of maximum faU will still lie on n line connecting 
AI and B. If, however, the pressure level in A fall 0.20 
inch in the assumed time interval during which the low 
moves to A,, while the rossuro under oes no chnngo in 

shown by figure 6 (XLIV--39 j. Should the pressure undergo 
no change in the high but rise in the low, talien the niasi- 
mum pressure fall will bo near the center of the high, B, 
as shown by figure 7 ( X L I V ~ O ) .  If the pressure level fall 
in tho high, B, while moving to B but does not change 
in the low, then the niaximum fal\ is also near the osi- 
tion of B, as will be soen by figure.8 (XLIV-41). I f t h e  
pressure level rise in the high and undergo no change in 
the low, then tshe masimum ressure fall IS near the cen- 

In the esnmples given the distance between the tow and 
t,he receding high remained unchanged. If, however, 
the &stance increasE or decrease, the maximum pressure 
Ed varios both in amount, and position. 
10 (XLIV-43), the high inoves fast.er than t,lie low an the 
diatanca between the two a t  the end of tho interval is 
greator, thcn the position of the malriniuni pressure fall 
is near the center of tshe high, B. Similar1 in figure 11 

tance between tho two is less a t  the end of the inki-vnl, the 
position of the masimuin pressure fall is near the centor 
of tlie low, 4,. The daily pressuro-change map will show 
changes, such RS these, that arisc from similar movements 
of mid cliangcs in pressure in hiahs and lows: 

Maup other esamples could Le given of how the posi- 
tion of tho area of maximum pressure fall varies with the 
movements of the highs and lows, and some of the results 
are astonishing. For example, it has been commonly sup- 
losed that the are:& of maximum pressure fall is always m 
iront of and in the line of advance of lows that move 
rapidly, but it is possible to show that a bw that moves 
unth great speed may h e  the mazimum pressure fd, in the 
given interval, in its rear. Thk omrs  when 8h-e bow mova 
beyond the positiolz ocezlpierl6y ae bigh at the begiming of 

a symmetrical low prece % ed by a symmetrical high; sup- 

any change in con f- guration of isobars, in pressure level, 

intorval, the region of maimum pressure fallwi f 1 be alonu 

assumed interval. % %  his is s own by the re % lines on the 

the low a t  the end of the assume B interval; similarly B is 

B, t '$ e position of the high at tf e end of t i e  P assumed 

each point where nn isobar of A or 2 crosses an isobar of 

above, whore the distance betwhen the low an B the high 

say 0.20 inch in A and a simi P ar amount in B, thon tho 

B, then tho maximurn f s 1 will be near t. !i e center of A,, as 

tar of the low, A,, as shown E 9 figure 9 (x~m-42). 

Thus, ln P 
(YLIV-44) , if tho low move faster tmhan t8he hig K nnd the dis- 

the. intervat, and it is seen occasi0naU m the coedher ma . 
This is shown by fi re 12 ( x L I v - ~ ~ ~ .  On this chart tfe 

position of the high, B, at the recedin observation, 
while tho high, B, IS moving aheatof it. t h e  osition of 

NotKing has been said concerning the areas of maxi- 
iiiuin rise, but it is believod that these can be shown to be 

direction of move- 

low, A,, is assume 8" to have moved from A to beyond the 

tlie hiah, B,, at  the end of the interval is not s 1 own. 

the areas of nzasimum pressure fall, on 

ing them. There are, moreover, pressure osciuations, 
generally small in aniount, which take place uniformly 
and gradually over larger mens and independently of the 
nioveinent oj highs and lows. These oscillations result, 
in all probability, froni changes in the general circulation 
and are shown first in modifications of the sub ermanent 
areas of high and of low pressure 2~ the so-calle R centers of 
action. . ,/ 3 4: (21. 9:-7. 
#J-j-.'; '. 09 3. '# 

=E-WEATHER WABNINGS. 
By HENRY E. W~LLIAMIB, Yeteorolgist in charge of Forecast Division. 

The followin extracts from reports rendered and a- 

with a view to bringing down to date the availa le infor- 
mation relatinu to the fire-weather warning service,.as 
this pr0.ec.t islereafter to be desianated. This semce 

cast districts in the summer of 1913 on the recommenda- 
tion of District Forecaster E. A. Beak, at the suggestion 
of officials of the United States Forest Service and the 
Western Forestry and Conservation Association. Only 
one or two warnmgs wexe issued during 1913, and those 
for the Portland District. None were zssued in the San 
Francisco District. In 1914 the service was extended 
to all the other forecast districts, and the, reports from 
these districts show warnings issued as follows: 
Fire-iueather wurninqs is& by h several forecast dietriels during 1915, 

1914, and 1915. 

: pers prepared a y the district forecasters are ublded 

was aut tl orized in the Portland an8 San Francisco fore- 

I 1913 I 1914 Forecsst distrlct. 

.................................................. r~%%f&l ................................................ 
Denver ...................................................... None. None. 
chi ...................................................... None 
Portland, O w . .  ............................................. San%nckco 3. ............................................. None. 

1 Warnings only OIL request of district fomters. 8 Record laeomplete. 
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That these warnings were considered vduable by the 
intermt,s affected is shown by the following resolut,ion 
ado tad by the Forestry Industry Conference, composed 
of t R e Western Forestry and Conservation Associrtbion 
and Stah ,  Foderd, and British Columbia forest agencies, 
meeting in San Francisco October 19 and 20, 1915: 

The ueeIulnem 01 the 1.7nitad Slates Weathr Riveail in foreca8t.i~:: 
danproiis fire reather i R  no longer o]mn to question. Trial has demoii- 
etrakd that adequate provision ol' inen aud instriinienta to perfect the 
system will do niiic-h more to  reven en^. lire Inwa than any other pnsihle 
expnditure of the sriiall slim needed, may $lO,O(K, annually. No one 
else van do thi8 work and we appeal to ( 'ongress t,o p \ . i d e  for it,. l'lie 
public values that it will prnC1-b are treniendoiisly geater and dower 
of recovery, if dcstropd, tlra.11 ally otliw wliicli 1119 H'cather Durcau 
uow safeguards. 

In view of the reasonable siic,c.ess of tmhese warnin 
ing the past three yeass, a period of informal stu % y dur- and 

Accordkfly, 
le  aration, the Chief of the Weather Bureau feels justi- gixin making the fire-weather warnings service a recog- 

nized branch of Weather Bureau activity. 
formal instructions (Instructions No. 261 were issuec on 
April 10, 1916, wlierein- 

District forecasters are aut,ho~ized to irsue wwnings. t.o he known m 
"lire-weather wmninga," of conditions favorxble for the iuce lion of 
fires in the Iorested regions of t,heir rcspertiue districts. * 

Portland, Oreg., District.l-Referring to letter of Novem- 
ber 16,1915, from the Chief of the Forecast Division relrlr 
tive to the number of fire-weather forecasts that have been 
issued from this district for the seasons of 1914 and 1915, 
I bcg to indose c,opies of each, which number 17 in 1914 
and 8 in 1915, or 25 in all. 

These forecasts, so far as precticable, are made in sete, 
or, in other words, when hot weather or increasing winds 
are expected, a forecast is made, and followed each day 
by another showing such modifications as may be necm- 
sary, until a forecast can be made of the termination of the 
dangerous conditions. By counting the forecasts after 
the foregoing plan, seven sets were issued in 1914 and 
three in 1915. 
So far as the benefit8 are concerned I wish k) state that 

I have been informed b the chief wardens of some of the 

their letters in this connection were promptly forwarded 
at the time to the central ofice. Also a t  the last two con- 
ventions of the Western Forest and Conservation As- 

present was strongly in favor of continuiug this work. 
At the last convention a resolution was passed calling 
upon Congress to appropriate the sum of $10,000 to be 
ap lied in strengthenmg the service.-E. A. Be&. 

ban Fmn.&co D.ktmt.2-I regret to re ort that I am 
unable to give either the number of times a uring 1914 and 
1915 or the dates on which the Forest Service was a.d- 
vised to expect fire winds; or what is nearly as important, 
very hot spells of weather, as these greatly add to the ac- 
tivit of a forest fire. 

d e n e v e r  either of these conditions is expected, the 
plan has been to call up the district forester by telephone 
and outline the condition ex ected and in what portion of 
the State it will occur. &e forester t.hen notifies his 
supervisors and they issue the necessary instructions and 
make preparations to meet the condition indicated. 

!Che seasons of both 1914 and 1915 were remarknt)l-y 
free from &e winds or very hot spells of weather. Th~s 
was especially the case dunng the past summer. 

Ertmcta from repopt by the district Ioreeaster Pmtlaud Oreg of Nw. PB 10151 
Extracb from r 

1916. and Fob. 28, I O l p  

* 

forest fire associations tj r iat they were of help to them, and 

sociation, both of which I attende ?i , t-he sentiment of those 

by the dletrict lmw&, Baa imm&c~, Cel., d Nw. 20, 

This work is in its infancy, and our efforts, while in a 
great measure satisfac.tory, have been conducted along 
the broadest lines, because the robleni iS a new one with 
many angles and possibilities o P which we know hut little. 
m a t  we need is relinble and complete wind data from 
the forests for study and first-hand field experience. A t  
present our daily weather ma.ps give us the necessary 
informatmion for a general forecast covering large areas. 
This is not, satisfactory. Our prohleni is one of great 
dotmail and the details niust ha worked out. The forests 
are in the mountains where t.hc wind directions and in a 
great measure the veIocit,ies are conbrolled by t.he topog- 
raphy of the country, m c l  wc can not hope to be in a posi- 
tion to apply the forecasts to specific localities until these 
tire understood. 

From our present knowledge of this work, there appear 
to be two things that should be done at onc?: 
(a) Get records of wind velocities and dvections from 

a number of selected ranger lookout stations at  different 
elevations in each forest €or study in conjunction with.the 
dailv forecast, charts. 

(6) Active and ene,rgetic men, one in each forecast 
dist,iict, for field service under the direction of the dis- 
trict forecaster. They should be thoroughly racticd, 
and after carefully studying the methods use: by the 
Forest Service in fighting fires and the effect of different 
kinds of weather upon the spreading of fires, they should 
be capable of devismg nieans for closer and more effective 
cooperation between the Forest Service and the Weather 
Bureau for the prosecution of this important work. 

The diurnal range of tern erature in the mountains is 
considerable, and it is a w e h n o w n  fact that at night, 
when the temperature ap roximates the dew point and 
the relative humidity is &gh, forest fkes lose much of 
their energy. But for the same reason, successful back- 
firing on nights when the humidity is very high is alniost 
inipossible owing to t,lie dif6cult 111 etting them to burn. 
We should be able to advise t i e  8strict forester when 
such conditions are probable; then, if his men reach the 
fire line after the temperature has begun to fall, he can 
allow them to rest up and be fresh for effective fire fight- 
ing the next morning; otherwise they will be tired and 
worn out by ineffective work during the night and not 
able to kee up the work at  the most critical time. 

gather some data of wind velocities in the forests in this 
district by placing five anemonieters a t  lookout stations 
across the nort,hern part of the State in the Klamath and 
Shasta Nations1 Forests a t  Dry Lake, Orleans Mountain, 
Mount Eddy, Grizzly Peak, and Sisson. (Ma showin 

office with letter of July 30, 1915.) Unfortunately we 
were not able to e uip them with self-registers, and 
therefore much valua 4b le detailed data will not be avail- 
able for study. However, the rangers were instructed to 
make dial readings and note the direction of the wind 
every three hours They were also in- 
structed in case the a northerly direction 
and increased in force to one tmhe facta to the supor- 
visor a t  Sisson, which aa the "key" station. 
By placing one of the anemometers at Sissnn, ab an elera- 
Lion of 3,555 feet, and another on Mount Eddy, about '8 
niiles west, at an elevation of over 9,000 feet, it is hoped 
that we ma be able to correlate the velocities at the 

5 beg to report that this work haa received careful con- 
siderahon not only on the part of this office but also by 

During t 1 e past season we have made an attempt to 

7 locations of the above stations forwarded to t t e centra 

hi her and P ower levels. 
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consultations with the district forester and the several 
supervised in this district. There are man factors de- 

ducive to starting forest fires and also to aggravating a 
fire already started. 
Tho condition of the humus on tlic! forest floor is a 

matter nf vital import,. No serious fire niuy be cs ected 

nf evaporation a t  the surface is propnrtional to tlie fire 
hazard. Assuming this, we must nest determine what 
meteorological factors can be safely taken as an indrs for 
the ra id dryin of the forest floor. These, I believe, 

weather. A north or northeast wmd, although light, 
causes a decided drop in tshe humidity in California, and 
consequently a ra id drying of tahe forest floor; also high 

b s  f ow humidity, causing the same rapid drying mndi- 
tion. If the temperatures are only nioclerateIy hi h, 

humus is sufficiently dry to become dangerous. A i i ~  
combination of the above-na.med conditions will he con- 
ducive to hastening t;lie drying process and mising the 
fie hazard. 

Once a fire has started, dry winds and warm weatelier 
greatly tend to increase its energy, the increase hein 
pro ortional to the velocity of the wind and int,ensity o 

nied by winds coming off the ocean and carrying a. high 
percentage of humidity, are fnct.ors that in a marked degree 
mitigate against the ra id sprea.d of a fire. A shower of 

perfect control, and in many cases even 0.10 iiicli will so 
reduce a fire’s energy that it can be easily handled. 

From the forester’s sta.nclpoint t.liere are other seri- 
ous factors to be considered, aniong wliicli are the char- 
acter of the unde wth and its density, the topography 

service and t.heir transportation t.o the fire zone. A s  fire 
hazard ~ l s o  incretises 8.5 t.lic nuniber of people frequent- 
in the forests increases, and fmni many other causes. 

$n addit,ion to the information shown on the weather 
whenever i ranger on 

peak, observes the 
the north or nort,heast at a rate 

hour, he telephones t,he super- 
visor to that effect, and if two such report,s are received, 
tlie supervisor immediately telephones the district for- 
ester’s office in this city, and he in turn notifies the dis- 
tric.t forecaster. If it is decided to issue a fire warning, the 
district forester is advised of the n ssity for such wa-rn- 
ing, given the forecast a.nd the sections to which it applies. 
The forester then distributes the warning to his supt?r- 
visors, who in turn t,elephone it. t.0 all rangers and niakc 
pre arations for any emergency t,liat may arise.+. EZ. 

Ck.iccr.go, In., Di.~fricf.~--In 1914 sis \i-n.riiings were sent, 
to northern Mmnesota and one t,o wrstern Monta.na. 

In 1915 five wuimings were sent, t,c, nort.1ie1-n Minnesot:i, 
all during the niont,h of June. A t  t h  rrcpest of t . 1 ~  sec- 
tinn direct,or :i.t Minneapnlis niessaigrs, even for modern.te 
Iireezes, wcre sent t.o the foresters (luring thc critical 
season in Jmie. 

‘i Fire-wind ” warnings lime not been issiid t,o any 
reat extent durin t.he past two seasons to t,he States in 

!his district liste d for t.hem, viz, northern Minnesota, 
western South Dakota, Montana, and Wyoming. This 

serving of careful study and investigation w I ‘ch are con- 

until after i t  has bccomn quitme dry, and probably 1. Y ie rate 

can sa P ely be re d uced to two, a drying wind or very warm 

tem eratures in t K is State are invariably accompanied 

they will have to continue for severa.1 days before t 7 ie 

5 
the R ot spell. Cloudy wea.ther, particularlly if tmompa- 

0.25 inch will, in neary Y every case, bring a fire under 

of the country an T O  the availability of nien for enicr cncy 

n.iRsm*. 

is partly due to the absence of deep lows or strong winds 
during tshe critical season, and to more than the usual 
minfall, cqwcially in 1915. The messages have been 
sent, during the periods specified by the section directors, 
h i n g  discontinued lipon their telegraphic request,. 

T have no information upon tlie subject of benefits from 
the warnings issyd.---H. d .  6.r. 
c: I“;. f: 7 *;. ..> 

DBOUQETS AND HOT WEATHER.( 

By E. A. REALN, District Forecaster. 
[Weather Bureau, Portland, Oreg.. Deremher, 1915.1 

Whcii the forest litter is wet it is hard to start a forest 
fire: when dry it is eas therefore a prere uisite of a for- 

definite terms, but the common meaning is long-continued 
dry weather, especially so long continued as to cause vege- 
ta.tioii to wither. Vegetation withers when deprived of 
moisture, and, while lack of ra.in is essential, another im- 
portnnt factor is ovnporation. When evaporation is 
r q i d .  the injurious effects of dry weather are intensified 
and when i t  is slow they are mitigated. The amount of 
evaporation depends on n number of things, the most 
important, of which from n meteorological standpoint are 
humidity, tmiperatm-e, wind, and barometric pressure IS). 

Evaporation is accelerated when the humidity and 
pressure are low and the temperature and wind are high. 
As there ara no means of correctly measuring evapora- 
tion from a forest cover, it  is necessary to consider the 
factors causin ra. id evaporation in order to determine 
the est,ent of &e &e danger to which a forest is exposed. 
Of these fa.ctors, which consist of low humidity, low pres- 
sure, high temperature, and high wind, the weather Bu- 
reau furnishes the public with predictions of the two most 
essential, viz, high temperatures and high winds. 

Of the remaining factors, that of low rmsure exerta a 

included in the forccn.strs, the arcas of low pressure are 
usually described in the notes accompanym weather 

fie-weather forecasts are made, the locations and move- 
ments of both the low and high pressure areas are in- 
cluded in each forecast. 

No attempt has been made to predict humidity, but it 
is understood by the public on the Pacific slope that when 
hot weather prevails the humidity will be low, and 8 p r e  
diction of hot weather during a drought practically covers 
both elements. 

est fire is a drought. grought has never % een defined in 

minor influence on evaporation, and whi Q e not specifically 

mn.ps, mid the maps show their location as we K 1. When 

HIGH WINDS. 

High winds in combination with drought cause far 
grea.ter losses through their influenca in fanning the 
flames than in their effect on evaporation, therefore they 
should be treated se arately, which leaves high tempera- 
tures during droug f ty  periods as one of the principal 
01c.nlents requiring attention when making predictions of 
weatslier fa,vorable to a.n incresse of forest fires. 

Should the wind increase to a moderate breeze, or 
st,roiiger, NS tlefined by tho Beaufort scab, it is almost 
impossible t.o txtin ish s forest. fire. Moderakely hi h 

fightws. but hi tlie Pacific. St,at,es those from an easterly 
direction me dreaded more than those from an 
direction, as they are invariably pnrchin winds t at  sap 

litter and duff. 

read ware 

wiiitls from any Rection n.re dretl.ded by forest- f! re 

g Otmher 
the vitdity of tlie tames, and rapidly I f  ry out the leaf 

4 Extra& from p “Foreawta of westhex famaable totha increase of f o r d  flreuSD 
~m-&m mimuno congmm at w-m, D. c.. m. soD loi‘a. 


